The peculiarities of 3D objects image formation with clear shadow projection under their illumination by partially coherent and perfectly incoherent light based on the constructive theory of 3D objects formation are investigated. Threshold algorithms for determining the position of 3D object geometric boundary, taking into account its thickness, the light source angular size and the projection system angular aperture are developed. These algorithms are based on the application of true (calculated) threshold or standard one using the corrective component for threshold. The cases of weak and strong 3D object volumetricity for partially coherent and incoherent illumination are studied. The analytical equations for these algorithms are given. It has been shown that their use can significantly improve the measurement accuracy of extended objects.
INTRODUCTION
The shadow systems due to their high precision and operation speed as well as broad measurement range are widely used among optical means of noncontact dimensional inspection in industry [1] . The essence of the measurement shadow method consists in finding of the position of object's true boundary. It allows us to determine its different geometrical dimensions, including width, length, holes diameter, etc. In case of flat objects (zero thickness) the true boundary is determined using shadow image thresholding, either at 25% of light intensity illuminating the object (coherent illumination) or at 50% of intensity (incoherent illumination) [2] . Under industrial inspection of real 3D (thick) objects due to the volumetricity takes place the boundary shift position [3, 4] , which is proportional to Fresnel zone. This leads to the need to adjust the threshold level when finding the true position of 3D object boundary.
Due to known problems occurring under the use of coherent illumination (first of all, speckle noises [5] ) the more perspective is the quasi-monochromatic partially space coherent illumination for inspected 3D objects using, for instance, LED. Such illumination was effectively used by us for measurement system using Fresnel images of the inspected objects [6] .
As shown in [7] the structure of 3D object shadow image depends on some parameters, including system angular aperture, object's thickness, light source angular size.
The peculiarities of 3D object images formation in a diffraction-limited system under their illumination by partially coherent and perfectly incoherent light are studied. The mathematical methods for calculation of intensity distribution in photodetector plane for partially coherent light are presented. The methods for analytical determination of 3D object image shadow boundary shift and its correction depending on the object's thickness and the optical system parameters are proposed. These algorithms allow us to increase considerably the measurement precision of 3D objects by the shadow method.
THE SHADOW MEASUREMENTS FOR 3D OBJECTS IN PARTIALLY COHERENT LIGHT
The optical scheme of the shadow system for inspection of 3D objects is presented in Fig. 1 . 
The influence of 3D object's thickness on its image profile is determined by the ratio of critical diffraction angle 
ALGORITHMS FOR DETERMINATION OF 3D OBJECT'S BOUNDARIES IN PARTIALLY COHERENT LIGHT
Two algorithms to determine the position of the geometric boundary of thick edge, which plane perfectly absorption surface coincides with optical axis (x 1 = 0), have been developed. The first one is based on the use of threshold Fig. 1 ) that takes into account the angular source size s θ 2 and object's thickness d. For calculation we used the constructive theory of image formation for the thick objects with the sharp shadow projections [3] . One has shown that the normalized light intensity in the thick edge image in point x 2 = 0 (that coincides with boundary geometric position) under 
It is seen that value Computer modeling has allowed obtaining the dependency of the threshold level on the reduced (to aperture ap θ ) light source size ( s θ / ap θ ) for the flat edges (Fig. 3) . For finding this value it is necessary to determine a derivative of the output intensity I(x) (Fig. 2) (4) According to Eq. (4), the values of the corrections depend on the angular aperture size, the angular light source size and the critical angle. The corrections can be minimized through choice of the parameters system due to the different signs of the components in Eq. (4). Fig. 4 : The calculated 3D edge image intensity profile I(x 2 ) vs. coordinate x 2 (plane P 4 in Fig. 1 ) at various object thickness d Figure 4 shows the calculated volumetric edge image profiles with variable thickness d within 0 ÷ 9 mm. We emphasize that the angular size of the source in the calculations was slightly more than the angular size of the aperture of the system. It can be seen that when d is varied the shift of profile relative to the position of the object real edge takes place (image profile structure is similar).
In this case, the tilt angle α of edge profile of 3D images is varied slightly. The main contribution to the angle α gives the first diffraction term is of particular interest. In this case the threshold level according to our calculations is equal to I thr = 0.333 regardless of the angular sizes of the source and the aperture. It can be used under the development and producing the systems for dimensional inspection.
ALGORITHMS FOR DETERMINATION OF 3D OBJECTS IN PERFECTLY INCOHERENT LIGHT
In practice using incoherent light is more preferable than coherent or partially coherent one. In this case for determination of the image profile of 3D object's perfectly absorbing edge we first of all have calculated an impulse reaction of optical projecting diffraction limited system. 3D perfectly absorbing edge according to a model of equivalent diaphragms of our constructive theory [4] one can describe by two boundary step Heaviside functions: (Fig. 5) . As a result 3D object under coherent illumination a spatial spectrum is described by the following equation: 
where ω = k θ (k = 2π/λ). As a result for (ω, ) F x one can obtain:
(ω, ) = ( + ω / )
This field is filtered by the aperture diaphragm with angular size 2ω ap = 2k ap θ . After this operation the field amplitude at x 2 = 0 in plane P 4 (geometrical position of 3D edge boundary) is equal to:
